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89CUPATY CLASSIFICATION OF TISl PA*SIfhin D6-& 86"900

'- immunization alone results in erratic and weak local IgA production. Further,
.zwith a dosage schedule was that achieved serum IgG activity to shigella

antigens, parenteral itmunizatlon was not able to prime the rabbits for
local, intestinal IgA memory response. In other studies, it was found that
erythromycin interferred with development of IgA memory responses and adjuvant
(DEAE-dextran) had no significant effect on the primary local IgA response
to orally-adf"co'stered Shigella flexneri. The effect of this proposed
adjuvant on tW~~ !gA memory response remains to be investigated the present
studies demonstrate that a local IgA memory response to Shigella flexneri
can be elicited by oral priming with a live, noninvasive-str-afi -Fu-rther,
parenteral vaccination was ineffective in priming for a imucosal IgA memory
response.
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in the pr(e:t .tu( L u , we :,-ve I u, ,'! - otr chr .: ,..i l iqrflj r, ' ilel
loop hmi-/ in r'itc. as a !rwor: to stud,, t0he vari-.i, ,  invclv, !1 in
el iciti ... a mucosal VA mero ry response to h, i;, . i_ 11 , 1icr r ". C r
previous studieus i_ V doCU::rIed that a local .A 1 :I."rJ rey ,. i.,(. to
shi ell a antig Crn.;:. culd re l irited by pri rl r, ,it, viil. 1 tr:e oral,
weekly 6cses of 1, I i 'ive i i l I1 a X16. such -I Fl I(, ", .. r
response in intestinal secr -t, -,- s was fOe'.id then hc-,t-killed ' hi,:lla
were given in the silre dosrn' nid route. in the p,--1S. c .t s-Udics we
exariined whether this was due to the fac t. that SilJrI 1 , Xib is c ,Ihle
of invading the surface pith linum. In the first coup o f c) .... i e r t S
perforw:ed this year i..,e found that oral pri:;in i wi: tirce w eel" doses of 1

venon-invasive S;.l.e IIEfl.cxneri stra in 2457- ,-, s capable of primirg
for as vigorous a local 16, re;'ory resqorse as the li\ve locally invasive
Shi ;lla X16. Therefore invasion per se is not a requisite frr an oral
vaccine strain to elicit a local IgA meT.;ory response.

As most traditional m.ethods of immunization involve parenteral
vaccines, \.:e have examined the effect of giving a primary parenteral
immunization on the local i;,mirune response of the intestine with our
chronically isolated ileal loops as the prc!,e. Secretions from
isolated ileal loops of animals given a prirlary parenteral iirrunization
with shigelia artictens showed that little' local icA is produced, while
good serum titers of IgG were elicited. it was nocd, hevever, that
more locally produced IgG (in parallel w.ith seruii 1,0) is found in
these animals tear in animrals that are civen shiocfla only by or-sl
immunization.

A second group of ani-als was priwr.d parenterelly, allcwcd to rest
for one week, and then challrced with a single oral dose of live locally
invasive shigella. This was designed to test the presence or absence
of a local memory response to this intestinal challegeq. Again, only a
little local IgA was produced and no booster effect of the I .,G was seen
either locally or in the serum followinq this single oral challenge dose.
Therefore, it seers clear that in a previously unirmunized animal
parenteral priming with shiqella antigens produces only a weak local IgA
response and no priming for a local memory IgA response.

Our preliminary investigation of DEAE-dextran as a mucosal adjuvant
has sho'.'n no enh a ce.-ent of th-e primary local leA response by this anent
when used with the oral heat-killed shigella. The effect of this adjuvait
on subsequent mucosal memory response will be determrined in later
experiments.

Lastly, we record a peculiar effect of the antibiotic evYthromycin
on the local 1,., r-.mory response of ora!lIv--prired rabbits. .'hen rabbits
were trcated %%ith erythrotrycin at the tire of their challen'e dose, no
local IqA memory response could be denionswcrted. The mechanism of action
of this cffect is unclear at the present tit.'e. Thi," etfrc: could he of
impcrtr.ce, however, in any vaccine prr'em usiulc: live, attni:nted strains.
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T i s sec end a rc r o ic i. 'c.c'i(& rc
1 relbruary, 19,1 to IC pr n2el it, (31 Juu :ry ai')

In our oririnAl propm~a 1 . h~yroJ C~ i7C t hat tl e c h- r i I I y
i SOatl' ctil i cl 10Ci Ol ' ]OdO ik L h ~CP e LISu&d 0: 3 p!PLo2 e,

the locc,2 Icf rsvn, to -F1 I c ThQ fc. , iLiiity of
this ap~proach cvoI'., ; fIrcr c- c;~ s~ir-:2iP'ti n c-F c :ualI
in)muni ty ard Iymphoc:yte traFffi 0 i r in t~- I' oc . Inr the ol
FAntigCnr is talon0 U_. [LV eca1 r'A.ltrd c 1 ls tb. c ov er te
donge regions of Pe'or' s 1:atche s (I I s antce t.. tInu ats
IqA prpcuirsor B 1 yri h ocytes and renla-" ' F 1 \irLhoc.viteS in the
Player's patches (3-6,. ["kftor local antir:-n stivul ati cn, these
lymlphocytes !iigrate to the sys- cic c- rculalcior., anrcntall
travel LackI- to the rucosal sul lace of Vie castro-Inta.Stinal tract as
well as other muccsal surfaces (orocm -rvcosa, ra;er iard, etc.)
(7-9). The importzanrce of lookirrig at intestinal sccretiors to fcl low.
mucosal irmj unity wa"s cmpas *d v La Prooci et al's recent dc::-;itraticn
of a poor correlation between seCIvary at-X jejunal antiqcr-spec-ific li'l
(10).

Last year, in cur first amnuLal report we presented data that the
chronically isolated ileal loops can serva as probe- for foloici the
local 4qnn une resnonre to oi-allv - adinis tcred artic~nrs. FLurthc'r, by
Usir~g this crnciyisclatcd" ileal locp prote, Ii:E r eserted pre-
1 iminary infcr;-atlvutha a stron- 1 (Cal IPre~i'or' r-e .Icnse vnspro-
duced in in~si~lsco rsfCAl lenrC c rl ' 'amoc h
S. floxnr-i -is ;ri coli 0~CIa ~ar i
ias tS tf _ i -Is cI ccc d ir secrcati 0% of 2

mucosal ISP' rn eu:oryc s ~ r- -"i iven ore. 11y. Local
.,A retmory vwas only el ici t c th- ' FXl er ixc a

live preparation, rot w~ern the~ c'inia \accine v-eis heat-killed (11).

The finding that, a local IqA FC i y response %:Os el icitedi b1y oral
immunization with live but not killed ; rcll X16 left several ruestions
to be answered. Since Shicl ll X16 is a _ocaily invasive hybriC, we
needed to cietermire wb;cthc imasior. cr se was needed to elici-t IbA
memory. In this year's work u2 report results w,.ith noninvasive
S. flexee-ri strain 2457-0.

Further, as nost traditional mezans of im.,unizaton involve parenLcral
vaccines, we wa-,nted to deterci-ne witth cur chronically isolated ileal loop
riodel, if a vincrous local IhA1 response, could be el icited by such peripileraII
stimulation. This year's report Cdetails the studies w.,hich dcmorstrate
the relAively poor local imuerespcnse elicited by parenteral
immrunization.

1Uhilc perforving our in\'estiroaticns, occasional rabbits woculd be
treatoi. for rreFtir~torY tr7 ct irfCcti c!us 041 -h enti Ii oti c s. Vhrabbits
were ~r trcaterd with ar Libictics at t' i:,e of chlI en Cc, t"O local



I A ti.eviou' rr 1n; "( t-S iJ f Fit., p~ J'r~h'~[. ro our
to ccnfiri!:: thi!s cfflect v'Iici (l" Id hE r rC~Cvii2>r.,~ in a
V4LCcinn prograii.

Lastly, %,ork witfh a pon.a 'c'a u'tLL-':rr(12)
ha!. hcun. Pre1 ;I.J[r ,j', ('&L $.(;.1P'Ifect C,): L;Js CiJuv.;rt in thi e
prirs~iry local IgA reSponse to Shil I - G1.

Preparation of Chronicaly solated I Thai L~p

The surgical creation of ileal Thiry-Vella loo-,ls in raLb1-its has
been described in detail previously (13). In brief, whle 3-4 Kq 1'ev
Zealand White rabbits are anestheti zed with Rommumi atd K(tamino, a
midline abdom 'inal incision is rmade arK, the tcmr2ior;is ide-ntifi111e -.
A 20 cmo seor,,ent of ileum containing a Y~ossiy, identifizible Pever's
patch is isolated wjith its v'ascular su;;Ay inatL iatcthr
(Dov,-C,.rrning) is sewn into eaich end of teisolated sCC1Cfl. i
tubing is brought out throur.1 the midline incision and turinel Ie d S ubh-
cutaneously to the neck whece it is exter'iorized &nd securec . Tntfe-stinal
continuity is restored by an end-to-end anastomusis andth- Ilie
incision is closed in two layers.

Each day about 2-4 nil of sc-creticns and vitcus that collect in the
ileal loops are expelled by injocti.' 20 cc of air into one of the
silEStic tubes. Tile sl*1ichtly cpac,-ue, colorlcss fluid arwndc e-:pelcd
f ro-, the tubnc- i s studi er 'or spa cit~ iC mc Wu r Cc'. Lc -t. f.
subseqiuent flush wit-h 20 cc of Aterilce sal ire thelps to rrw*.r n.cer
MUCUS. This sal ine is thai' rermoved bY reneated rertle TluISl%- of air.
With proper daily care, 80-OCZJ of rabbits can co, -plcte c-xperirc-nts
lasting 1-2 months.

Enzyme-Linked Irlmunosorbent Assay (ELISL).

Briefly, microtiter wells are coated with a solution containirng
shigella lipopolysaccharide (Ilestphai preparation). I mmediately prior
to testing serum samples or loop secretions, the antiqen solution is
removed and wells are washed with a phosphate buffer containing Tween
20 (PT). The fluid to he assayed is diluted in thle PT buffer and
incubated in the coated wlsand in urcoate-d w.ells (to control for
nonspecific adsorption) for four hours on a horilcrtal rotar' sliahler.
The plates are washed with PT and incubated with either Llhaline
phosphatase-covjucated coat anti-rabbit IqC- or IrA.T ovcrnicht on the si-aker.
Following another PT waZSh, substrate reaction is carrieCl cut v'iih
nitrophenyl Fhosphate in c.r'L-onetL Luff~r. The CD (05 nvr lcth
substrate reaction is eetcrviined usin:a a Titer T6, mIcre dr
fKinctics of the enzyi. e-!tb.Y~rate rc<rcticn arc, e,,O> -rape it. c; L ,ff mn-.es .
The OD 405 mi of uincoatrd ~ sarc .'trce rmthe- OD rm- cf
Coated W2l lS. SpeVCi TiC P adP st.rnrcl ber. procc ns( *' daily wt
the unknov.nr fluid-s as pi evicusly :citd()

4



Tabh c It Ii:;iza ti on Sck l I £,I

-o -2Anti jen Pose RwiteLS) iVen

I Live S. flexneri ?'157-0 10~ oral~ 0

11 Live S. flexneri 2457-0 10 10 oral 0,7,14

III Live S. flcxneri 2457-0 10 1 oral -54,6,

IV Heat-killed Shiqc-lle, X16 10 subcutaneous 0,1
Heat-killed Shiella X16 10~ intravenous 4-8,11

V Heat-killcci Shicella X16 108 subcut&aneoujs -21,-20
Heat-killecd Sh iv(I1 a X]16 10 1 inty- ve n ou s -17 -- 13,-7
Live Shicclia Xi6 100 oral 0

VI Live Shinella X16 10 1 oral 0
with DEA-e-xtran 5 grn/dl oral

VII Live Shinella X16 10 10 oral -5-R4 f
Erythromiyc in -2, -1 , 0 1,2,2

(1) [lay of surgica-l creation of isolated lcops
day -1 for all groups.

(2) Shiqella placed in stor-ach via orogastric tube. Isolated loop noqt
directly exposed to Shicella.
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noninvasive, live, Shf-el a flcx,;e:i strain 2/ 57-0)
on days , 7 and 14. i act;vaCy + S.E,. in di-
cated on vertical axis.

To ,-!etermirn t.,hether a 1local leA, r., ory :-es rrr'e could lbe elicited
by ir,:.':tiz:tiorn anA cK~1lcr.ree wi. . oinaE:ive S. ', ,i, the fl.cup I
rabb-i. - t .i re prii, J ;.ith t;,c:; w e2iy,, oc',2 doses--- 1<--1. -1 'ye S.2 fl xner;
2457-s.. Si xty d,_vcs after th'e third oral d!ose of firlcici, a cY'onicallI
iscl .. - i 1~a  , ' ,.;s c 'r- t ~ o 3 n1 t,. ',;,. . ... c~a' 7 .:" ,.i th a
s n ,1 1 u , v -,-.... '.., ,. 1 'i ':, 1;. ' ";sa e

wCs tru.. lit: ot~ Ltu irs ;;cl lo al , ir \asic .<h c la YI(, low
level of [ . C ' ac~i' a1ai:, 11f~ l s, iri rt i,} -'] r ryn of tlbe
ania as ev n aftr ': d ys (11,.
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Fi oue 3. Mecan serLIm 1:7! (o) andi bA (c) act ivitv to
shiq-i la LPS in rnhbit5-s' qjivcr 102 hieat-killed _171',(!, la
XI 6 subcutarneousl y onl days 1-1 and I, and i ntrave~ibo_ 1 v
days A-8L and IA. (Group IV).

As pzarenter-il 'irit. enhas loon; b-on usr.J to stii ulatc
thle i . me nc:in2 to in-FeCu,(.s CfL irclu-iir. 1,4i ella, wc
have cxzii ned thta .i11ect of t.- s tou ts o fi V2l i ;7,, t iOf or t)o ical
IcA activity to vIuitl6& Th -c 1 i in, CrcowD 1',' ntr~tc

with ~ C C Z7;mn L" . 1. cv* r~'d s2. 222 I' IJLsn \i~
usci 'I ci v:'sr;,yI(IoV ut' LucL,,. j(i' (~:.1
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Fienure 4. I-lean IOG (0) and 10,A (.'; activity to shicelia
LPS in secretions from Glroup IV rabhits.

IPespiti the reletiv-iy wp.i ri c " irn ir' rcsIpcrse, it is
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a iocdi bA?' i,-;ory rC a-~ot . (e'c'~r' w ral iirc
with ilive Si "]a >,I . crrrI rJ 'K-<is crec (!1VQn
the as' x ~'i cyrco tic Ar' ht.(Li2
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Fioure .5. t'o~ P, 1! rO, (:Zt f () Li Vitv
to hinl LFS in rcaL Ibits (,+.,c;) fl' t I0 I~ .led

Shce l~X16 suL-ctacously or. days -21, -?). a nd
inraU2~u~yon dkays -17, .-- 13, and -7 foll1owed

by asinle oral dose on day 0 (0-roup 'I).

The local lc:,. activity after the .;vsteiciic rri~minco and
Stl!SC-aLUfent sircl e oral c :ln one with 'Jive Shi nella Y.16 see
a typicalI p Y3riv "I o icc IA r es pos e (liqure u) here w.1 n
evidcnce of an 1nA rcmorv response and no evid~-i'ce of suppro( scn
of the local IcA responsc. . i -e local 1I!r, resporse, anain,
paral1 l ed the scruji IcC ac-t ivty v:' r v1. vic,: C.f en hanr.cc d

resons ~ferthe sinole oral cKI - The- -,ia a ire
Co)ns i S tcn CrJi 4hL c ur P?-C'V 0 Uf f in( rc, sl' that pari-;.K'ral rii cdid
not rnhanci. lice local lrf, response to '~l1asutsc,uertl., y ivef

d"irertly it tCe isc-lated ilo-al lc:C;(- '.
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Figure 7. ".a I(eA a, 'i-shivclla activitlic--' i
from~rTh it fed a sir.-'i, live, cr-i c. ,- ' Il.;-,:--

w'th thc" S*1 e I-IVe. cwr-- dese c:i l('1" - Ia iC cli
day 0 (ci)

In early studies, v.,, observed tVat an Pccazicona1l:t ravo
poor or toic lci 1 I nA F-'rrr es flo:i t -e tri ple, or, 1,
1live 'hirrlI XIG priOic recil-c. s - t iv; loos,
we (li!CcVc.1' that thm-FL ani;7ii ~;K' dili i1vt.u ,ntiltictic ti cra!'y
for respi r; tary inctc~ at th rc 0' ti- s irrIe cr CYIl r
dose . tlherc ,,,, rione of f1 r, ra[T' ::v~ cc11' -;) v . rj:

rcc; i vcdl !siiL. at',Libir C' at t I o. ora (I -I 1. c. e'~.
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whnet he) thic i~ a !h.rz due o I -i'on of t1he outhrc'jI -r ! rI'~
our rJGhi or " rc;" t:'' of ti £Vrl -
ra!AJ t .p~ .'r 01il p! wI 1;''I 4. 1 X G. T or
IcjA eiti-shir; Il 1aci -V ivtv of this, r IV C/" 0 o r (t'~C
Whethc-r this i clue to a clicc eaicnof"~c nthci
on the 0ca1 iri !jn s'y 'U ur ''jr t i in rr9 I- !ue to th e ct
o f t I an11ti b io0t " on r th, I pi v o a I LK~,Lri needs t~r be studie'!
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0 4 8 2 16 20 2

DAY

Figure 2,. Mean TrA activity to shiqiella LFrS in
intestinal secrotic;,h- from orally prirfid animal s
chal 1crno:d ih s*n e dosc of 1 ive Krp 1I
X1 6. The Poroup cf ~irl-a1 s (1i v~ler',t ' in
at th e ti<. of tK~£~i 1err -r (o) had a
si Jnific-:tiy Eah rcs pcrc tV:.,n anir21s that did
not receive antibiotics (o).
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